The mechanisms underlying performance on the Star Counting Test (SCT) and its nomothetic span were investigated along with the relationships between working memory capacity, fluid intelligence (Gf), speed, and school achievement. The SCT is an attention test for children that requires the alternation of forward and backward counting. The test is based on A. D. Baddeley and G. J. Hitch's (1974) model of working memory in conjunction with D. A. Norman and T. Shallice's (1986) theory of central executive functioning. Tests were administered to 1,122 boys and 1100 girls in 4th grade from 111 Dutch schools. The SCT required flexible alternation, counting speed, and sustained effort. Factor analysis showed that the SCT forms one factor with other indicators of working memory capacity. There was also a strong association between working memory capacity and Gf. The two clearly differ, however, in their relation to speed.
Attention and intelligence are important determinants of school achievement (Fraser, Walberg, Welch, & Hattie, 1987; Horn & Packard, 1985; Rowe, 1991) . During this century, correlational studies have provided considerable insight into the structure of intelligence (e.g., Carroll, 1993) . More recently, experimental researchers have identified some of the mechanisms underlying performance on specific intelligence tests (Butterfield, Nielsen, Tangen, & Richardson, 1985; Carpenter, Just, & Shell, 1990; Geary & Widaman, 1992; Steraberg, 1985) . In contrast, in the field of attention there is still a gap between what Cronbach (1957) called the "two disciplines of psychology" (p. 671), the experimental and the correlational approach.
In the present study, both approaches were used to investigate the construct validity of the Star Counting Test (SCT), an attention test for children (de Jong & Das-Smaal, 1990 ). First, the construct representation of the test, including its dimensionality and the mechanisms that are involved in test performance, was determined. Next, we examined the nomothetic span of the SCT by considering its relationships with working memory, intelligence, speed, and school achievement. In what follows, we first describe the theoretical background of the test, and subsequently, we consider its construct representation and nomothetic span.
Theoretical Background of the SCT
In recent theories of attention researchers have emphasized its central role in the regulation of processes in the human information processing system (Navon, 1989a (Navon, , 1989b Neumann, 1987; Norman & Shallice, 1986) . The SCT was designed to measure the regulation of processes in working memory. Working memory is a system for the temporary storage and processing of information and is used in a broad range of everyday cognitive tasks (e.g., Baddeley, 1986; Gilhooly, Logie, Wetherick, & Wynn, 1993; Hitch, 1978) .
The SCT is based on Baddeley and Hitch's working memory model (Baddeley, 1986; Baddeley & Hitch, 1974) . The model incorporates a central executive system as a control center and has two specialized slave systems for the temporary storage of information. The central executive is a limited capacity system that researchers assume initiates and modulates the various mental processes associated with working memory (Morris & Baddeley, 1988) . The SCT was designed to tap the functioning of the central executive. It should be noted that several researchers do not consider the modality-specific storage systems to be part of working memory, and they reserve the term working memory to indicate the limited capacity system only (Just & Carpenter, 1992; Kyllonen & Christal, 1990; Salthouse & Babcock, 1991; Swanson, 1992) . For sake of clarity, we use the term central executive throughout this article to denote the control system proper, and we use the term working memory capacity to refer to individual differences in the functioning of the central executive. We use the term attention to indicate the broader range of attentional capabilities, including working memory capacity.
Several models have been presented to specify the functioning of the central executive (Baddeley, 1986; Just & Carpenter, 1992; Salthouse & Babcock, 1991) . Baddeley (1986) proposed Norman and Shallice's (1986; Shallice, 1988) conceptualization that emphasizes the top-down influence of the central executive (or "supervisory attentional system" as Norman & Shallice, 1986, p. 6 , called it) on lower order processes. According to Norman and Shallice, a sequence of (mental) activities can be represented by a series of schemas that are run off successively and, in many situations, automatically. The central executive, however, is able to control processing by the deliberate activation and inhibition of relevant and irrelevant schemas respectively.
The SCT is directly aimed at measuring a person's ability to activate and inhibit processes in working memory. The test requires the control of a very simple process, namely counting, which is known to involve working memory (Healy & Nairne, 1985; Logie & Baddeley, 1987; Nairne & Healy, 1983) . More specifically, the SCT asks for the alternation of forward and backward counting. Each item in the test consists of a pattern of stars with signs in between (see Figure 1) . The open spaces have no significance and are only there to prevent the person from counting by fives. The examinee has to start counting the stars from a given number. The plus and minus signs indicate the direction (forward or backward, respectively) in which the following stars should be counted. Although occasionally a sign may be repeated, most times the plus and minus signs are given in alternation. By counting and regularly alternating forward and backward counting, the last star will be reached, which is the answer to the item. On the basis of this principle, items can be constructed that differ systematically in the counting list that is necessary for the production of a correct solution.
Construct Representation of the SCT
Construct representation refers to the dimensionality of the test and the mechanisms that underlie test performance. We hypothesized that the test items could be scaled on one dimension and that the same mechanisms would underlie the performance on all items.
To study the mechanisms involved, we examined the relationship between an item's components and its difficulty (for a justification of this approach, see Embretson, 1983) . We hypothesized that three components affect the demands on the central executive and, hence, influence item difficulty. The first component is the number of alternations in counting direction. Each alternation is supposed to require the inhibition of an ongoing process and the activation of a new one, thus making extra demands on the central executive. As the number of alternations increases, the central executive is more often involved and the probability of an error on the item concerned increases. The second component is the duration of a process before it must be stopped. If an ongoing process is running automatically, inhibition needs to be stronger to interrupt the process (cf. Norman & Shallice, 1986) . We assumed that forward counting is an overlearned skill and that the counting process runs automatically after a number of counts have been made. Accordingly, we hypothesized that the interruption of forward counting requires less inhibition if only a few counts were made than would be the case if the process were already running for some time. The third item component concerns the meaning of the signs denoting a change in the direction of counting. Normally, a plus sign denotes forward counting and a minus sign implies backward counting. When the meaning of the signs is reversed, however, a well-learned response has to be suppressed. The reversal of meaning is, therefore, expected to pose extra demands on the central executive and to increase the probability of an error.
The difficulty of an item might also be influenced by item components that cannot be related directly to the central executive part of working memory. First, counting lists of the SCT items will inevitably contain repeated-digit numbers (22, 33, etc.) . These numbers can elicit counting errors (Healy & Nairne, 1985; Nairne & Healy, 1983) . Therefore, we hypothesized that the number of repeated-digit numbers in the counting list would influence the item difficulty. Second, the items of the SCT differ in the size of the numbers in the counting list. As counting with higher numbers is probably less familiar than counting with lower ones, we assumed that more errors would be made with higher numbers in the counting list. Finally, items vary according to their position in the test. At the beginning of a task, attention is usually at its peak, gradually decreasing to an asymptote (e.g., Sanders, 1983) . As the SCT is aimed at measuring attention, the items at the end of the test were expected to elicit more errors than items at the beginning, although the influence of practice could counteract this effect.
Nomothetic Span of the SCT
We determined the nomothetic span of the SCT by assessing the place of the SCT within the nomological network that is supposed to surround the test. We examined the relationship of the SCT with attention, especially working memory capacity, fluid intelligence (Gf), speed, and school achievement. Because the theoretical relationships of working memory capacity with Gf, speed, and school achievement are not fully established, the structure of interrelations between the constructs is, in itself, also theoretically important. Stankov (1988) reports a factor analysis of a large battery of ability tests in which several attention tests, originally devised by Wittenborn (1943) , form a separate factor at a primary level. In a second-order analysis on the factor intercorrelations, this factor loaded heavily on Gf. In a recent study, Crawford (1991) also used several of Wittenborn's tests. Crawford found no separate attention factor. Wittenborn's tests had their major loading on Gf. Thus, the results of studies by Stankov (1988) and Crawford (1991) indicate a close relationship between attention and Gf. Although the Wittenborn tests were not based on Baddeley's (1986) model of working memory, they primarily seem to reflect working memory capacity (e.g., Stankov, 1988) . Consequently, the findings of Stankov (1988) and Crawford (1991) suggest that working memory capacity and Gf are very much related.
Recent experimental (Carpenter et al., 1990; Gilhooly et al., 1993) and correlational (Kyllonen & Christal, 1990) research provides some direct evidence for a link between working memory capacity and Gf. Carpenter et al. (1990) showed that an important determinant of performance on the Raven Advanced Progressive Matrices Test (Raven, 1965) , a common marker for Gf, is the ability to simultaneously generate, evaluate and maintain goals in working memory. This ability obviously depends on working memory capacity. In several independent studies, Kyllonen and Christal (1990) obtained correlations ranging from .80 to .90 between working memory capacity and Gf. Results of recent research therefore indicate a significant relationship between working memory capacity and Gf.
With respect to the relationship between working memory capacity and speed, a distinction should be made between general and task-specific processing speed (e.g., Salthouse & Babcock, 1991) . General processing speed refers to the efficiency of the carrying out of elementary processing operations, as, for example, in perceptual comparison speed. As argued by Salthouse and Babcock (1991) , however, most of the task-specific processes, such as reading (Daneman & Carpenter, 1980) or simple arithmetic problems (Salthouse & Babcock, 1991) , are of moderate complexity in working memory capacity tasks and probably do not reflect general processing speed only. Task-specific processing speed refers to the speed of execution of the specific operations required in a particular task designed to measure working memory capacity. If one assumes that there is a trade-off between the storage and the processing component of working memory (e.g., Case, Kurland, & Goldberg, 1982; Just & Carpenter, 1992) , then an increase in task-specific speed should result in an increase in storage capacity, which is usually the measure of interest in working memory capacity tasks. Because general speed will be related to task-specific processing speed, a relationship between these simple speed measures and working memory capacity is likely. Indeed, both task-specific processing speed (Case et al., 1982; Crammond, 1992; Hitch & McAuley, 1991; Salthouse & Babcock, 1991) and general processing speed (Kyllonen & Christal, 1990; Salthouse, 1992; Salthouse & Babcock, 1991) have been shown to be related to working memory capacity, albeit not strongly, in most cases.
Finally, evidence suggests that there is a relationship between working memory capacity and school achievement. Results from experimental studies show that working memory is involved in tasks that are indicative of school achievement, such as reading comprehension (Baddeley, 1986; Just & Carpenter, 1992) and arithmetic (Hitch, 1978) . Consistent correlations have also been found between these tasks and working memory capacity (Daneman & Carpenter, 1980; Swanson, 1992; Turner & Engle, 1989) .
In short, results of previous research indicate that working memory capacity is associated with Gf, with school achievement, and to a lesser extent, with speed. It should be noted, however, that most of this research, especially concerning the relationship of working memory capacity with Gf and speed, has been performed with adults. The present study involved elementary school children. In addition to the SCT, a battery of tests was administered. The tests were selected to reflect working memory capacity, Gf, speed, and school achievement. We used measures for working memory capacity that required the simultaneous retention and manipulation of information and that covered various content (Baddeley, 1986; Kyllonen & Christal, 1990) . Gf was indicated by a test requiring verbal and figural reasoning. Speed measures reflected the examinee's speed of executing simple mental operations. Finally, we used common tests of reading comprehension and arithmetic to measure school achievement.
In summary, in the present study we sought to examine the construct validity of the SCT. In the first part, we investigated the dimensionality of the test and the mechanisms contributing to SCT performance. In the second part of the study we focused on the nomothetic span of the test. First, we examined the relationship between the SCT and other tests of working memory capacity. Next, we explored the interrelations between working memory capacity, reasoning ability, speed, and school achievement.
Method

Participants
Participants included 2,222 Dutch fourth-grade elementary school children aged 9 years, 10 months (SD = 5.0 months) who participated in the Dutch National Assessment Study of Attentional Deficit Disorders (see further description of this sample in de Jong, 1991) . In short, a national sample of 111 elementary schools in The Netherlands participated in the study. One randomly selected fourth-grade class was selected per school. Five children, aged 9 years at a prespecified date, were also randomly selected. This latter sample of 552 children is denoted as the subsample. Note that, because of the restriction of the age range, the subsample is not completely representative of the total sample.
Of the 2,588 children in the (total) sample (including the subsample), 321 were omitted because these children had at least one parent born outside The Netherlands. In addition, 45 third-grade children were removed. After omission of these children, 2,222 children (1,122 boys and 1,100 girls) remained in the sample, 443 (208 boys and 235 girls) of whom were left in the subsample.
Star Counting Test (SCT)
Each item of the test (see Figure 1 ) consisted of a pattern of stars with plus and minus signs between them and of a number in the left top corner. The children were instructed to "count the stars from left to right and from top to bottom, like you would if you were reading." However, the children were instructed "not to count from one, but from the number in front of the item." Each item had a different starting number. The signs denoted the direction (forward or backward) in which subsequent stars were to be counted. Thus, the test required alternating forward and backward counting until the last star was reached. An item always started with forward counting. The number of the last star was the answer to "write on the dotted line below."
An item pool of 44 items was constructed. For theoretical reasons, items differed in the number of changes in counting direction (two, four, or six changes), the number of stars preceding a change from forward to backward counting (small versus large) 1 , and the meaning of the signs (normal versus reversed). In addition, the starting number of the items varied from 14 to 78, and items were distinguished according to the number of double digits that occurred during counting (three versus six). The 44 items in the pool formed 22 pairs. "The items of a pair were similar in every respect except for a small difference in the starting number, and the items were meant to be parallel. For 12 pairs of items, the meaning of the signs was normal (i.e., after a plus counting was to go forward, but counting was to go backwards after a minus). The meaning of the signs for 10 pairs was reversed, implying backward counting after a plus and forward counting after a minus sign.
The 44 items in the pool were used to construct three versions of the test. Each version of the test consisted of two parts, which were administered separately. The first part of each version contained 12 items, and the second part contained 10 items. The items of the pool were distributed as follows: One item of an item pair was randomly assigned to a first version, and the other was randomly assigned to the third. A second version was formed by the odd and the even items of the first and the third version, respectively. Thus, the first and the third version did not overlap. The second version consisted of items that were either in the first or in the third version, thus enabling the equation of the scores of the three versions. Within each version, the items in which the signs had their normal meaning were assigned to the first part of the test, and the items in which the meaning of the plus and minus signs was reversed were assigned to the second part. Within parts, the items were counterbalanced with respect to the number of changes in counting direction. Complete counterbalancing was not possible for the size of the starting number and the number of stars before a change in counting direction.
The first part of the test contained 12 items and was preceded by an example and two items for practice. The second part consisted of 10 items that were preceded by an example and one practice item. The time permitted for the first part of the test was 12 min, and 10 min were given for the second part. These time limits were imposed because the test was part of a battery of tests administered to groups of children. The time limit for each part of the test was based on a pilot study (de Jong, 1991) of 109 children, who were at the end of Grade 3. Of these children, 95% completed the whole test in the allotted time.
Working Memory Capacity Tests
In accordance with Baddeley's (1986) definition, the tests for working memory capacity required the storage and processing of information and were devised to measure various contents.
Digit Span Test.
Forward and backward digit span were established with the Dutch version of the Digit Span Test of the WISC-R (van Haasen, 1986) . The test required retention and reproduction of a sequence of digits. The digits were recorded on audiotape with a 1-s interdigit interval. The number of digits in a sequence increased for each successive series. In the forward condition, the digits had to be reported orally in the order of presentation. In the backward condition, the digits had to be reported in reverse order. A score on the test was the sum of the (standardized) score on the forward and the (standardized) score on the backward span.
Group Paced Auditory Serial Addition Test (GPASAT). The GPASAT (de Jong, 1991 ) is a modification of the PASAT (Gronwall & Sampson, 1974) and is suitable for administration to groups of children. The test required the simultaneous addition and storage of digits. The GPASAT consisted of series of auditorily presented digits. With each presentation of a digit, the child is required to add it to the previous digit and specify the result on an answer sheet before the following digit is presented. A series contained eight digits, and thus required seven answers. A score of one was given when all seven answers were correct. The complete test had 20 series of eight digits. The series were presented at a speed that varied from approximately 1.5 s to 4 s between successive digits. The maximum score on the test was 20.
Following Directions. The Following Directions test required the execution of a series of simple directions, which have been shown to demand working memory capacity (Engle, Carullo, & Collins, 1991) . Each item of the test consisted of a picture that was to be marked by the participant according to directions given on audiotape. Directions gave the place and the type of mark (a triangle, a square, a cross, or a circle) that had to be drawn in the picture. The place of the mark was specified by naming an object in the picture and the location around the object (above, beneath, or beside). The number of directions per item varied from two to three. The children were required to wait until they had received all of the directions before they followed any. This requirement made a demand on working memory in that one direction had to be temporarily stored as a new direction was processed. Directions corresponding to the same item were given in one sentence (e.g., "Put a circle above the mushroom with the white dots and beneath the elf). Here, two directions are given, namely to put a circle above a mushroom and to put a circle beneath the elf. An item was scored as correct if all the directions were properly executed. The test consisted of 32 items and had a maximum score of 32.
Speed Tests
Speed tests were selected that reflected the speed of executing simple mental operations.
Bourdon-Vos Test. The Bourdon-Vos Test (Vos, 1988 ) is a cancellation test. The test consisted of a sheet with 32 rows of 24 dot patterns each. The number of dots in a pattern varied from three to five. The task was to cancel as quickly as possible all four-dot patterns on the sheet. The score was the average number of seconds used to complete a row.
Coding Test. The Coding Test is part of the Dutch version of the WISC-R (van Haasen, 1986) . The test requires the rapid substitution of digits in symbols. The score was the number of correct substitutions completed in 2 min.
Trail Making Test. The Trail Making Test is part of the Halstad-Reitan test battery, and is supposed to measure speed of visual search and mental flexibility (Spreen & Strauss, 1991) . The first part of the test (Trail A) requires the child to draw consecutive connections by pencil between encircled numbers randomly arranged on a page. In the second part of the test (Trail B) the circles contain letters or numbers, and the child's task is to connect the circles in the appropriate order, alternating between numbers and letters. On both parts the time needed to connect all the circles was scored. The scores on both parts of the test were standardized within the sample. A total score on the test was computed by adding the two standardized scores.
School Achievement Tests
School achievement was assessed with a test for reading comprehension and with one for arithmetic. Both tests are regularly used school achievement tests in The Netherlands.
Reading comprehension. The test (Cito, 1981) consisted of five stories containing 13 to 33 sentences. Each story was followed by several multiple-choice items. The complete test had 25 items. Cronbach's a was .83.
Arithmetic achievement. The test (Cito, 1979) consisted of 40 multiple-choice items. Because some schools indicated that the relevant material had not been covered, eight items were deleted. The remaining 32 items required addition, subtraction, multiplication, and division. Cronbach's a for this test was .83.
Fluid Intelligence (Gf)
The Fluid Intelligence Omnibus Test (FIOT; de Jong, 1991) was used as a measure for verbal and figural reasoning. The test contained 30 items. Most of the items, 23 to be specific, came from the Primary Mental Ability Test 2-4, the Dutch version of the Henmon Nelson Test of Mental Ability, Form A 6-9 (Verbeek & Troch, 1973) and from an adaptation of the Dutch version of the Henmon Nelson Test (Huisman, Stouthart, & Vorst, 1985) . As the items of the Dutch version of the Henmon Nelson Test have only four alternatives, the number of alternatives for the selected items of the original Henmon Nelson Test was reduced from five to four. In addition, four items of the FIOT came from the Transitivities Test (Hoeks, 1985) and three items were from a test by Abraham, Clement, Markusse, Ritsma, & Tollenaar (1988) .
The FIOT contained 15 items involving verbal reasoning and 15 items about figural reasoning. The verbal reasoning items (see also Carroll, 1993) involved verbal analogies, verbal exclusion, general reasoning (e.g., The father of my mother is the .... of my sister) and transitivities (e.g., John is smaller than Ann, Jim is taller than Ann. Who is the smallest?). The figural reasoning items included figural analogies, figural exclusion, and number series. Cronbach's a of the complete test was .81.
Procedure
The SCT, the GPASAT, the Following Directions test, the tests for school achievement, and the FIOT were administered to groups and were, with the exception of the FIOT (see below), administered to the total sample. For reasons beyond the scope of this article, a random selection of 54 schools was administered the tests in this battery in one order. In the other 57 schools, the tests were given in a different order. The three versions of the SCT were, within classes, randomized over three groups. The FIOT was administered to 507 children from a subgroup of 27 randomly selected schools. Another 555 children from 28 randomly selected schools were administered the verbal reasoning part of the FIOT only. The Digit Span Test and the tests for speed (Bourdon-Vos, Trail Making, and Coding) were administered individually to the subsample only.
The tests for school achievement were administered by the teacher. All other testing was conducted by trained test assistants.
Results
The results are presented in two separate sections. The first section reveals results about the construct representation of the SCT, including its dimensionality and the relationship between item components and item difficulty. The second section deals with the nomothetic span of the SCT. The relationships between the SCT and other tests for working memory capacity are reported, and those between working memory capacity, Gf, school achievement and speed are modeled.
Construct Representation
First, the psychometric characteristics of the SCT were examined. Descriptive statistics of the score distributions of the three versions of the SCT are presented in Table 1 . The means and standard deviations of the three versions were similar. In addition, Table 1 shows the percentage of students who completed the test within the allotted time. Unexpectedly, between 43% and 48% of the students did not complete all items on the test. For each separate part of the test these percentages were lower: between 37% and 40% for the first part and between 24% and 28% for the second part. Finally, the correlation between the first and the second part of the test was moderate. Taking the mean correlation between both parts (r = .597), and using the Spearman-Brown formula, we found a reliability of the SCT of .75 (see also de Jong, 1991) .
The dimensionality of the SCT was examined by item response modeling (Goldstein & Wood, 1989) . Thus, the responses for the set of 44 different items, distributed over the three versions of the SCT, could be jointly analyzed. Under the restriction of the model, the items of the SCT can be scaled on one scale. The Rasch model (Fischer, 1974) was applied to the items of the SCT. We estimated the parameters by using the program RIDA (Rasch Incomplete Data Analysis; Glas, 1989) , which computes conditional maximum likelihood estimates. In addition, the program computes a test statistic R l5 which has a chi-square distribution and that researchers can use to evaluate the fit of the model (for details see Glas, 1988) .
The SCT was part of a battery of tests, which was presented in two different orders. Further results concerning the construct representation of the SCT are given separately for each order (to be denoted as Sample 1 and Sample 2). Thus, we were able to examine the generalizability of the results. In addition, by cross-validating the results, we could avoid capitalization on chance with respect to both modification of the Rasch model and the selection of item components that are related to item difficulty.
The Rasch model did not fit the data well (Sample 1: R x = 441.84, df = 293, p < .01; Sample 2: Rj = 458.13, df = 335, p < .01). Consideration of the discrepancies in Sample 1 between the observed and the expected number of students who passed an item revealed that these discrepancies were especially large for the last items in each version of the test. This suggested that the lack of fit of these items to the model could be caused by the fact that some of the students did not finish the test. Because these students automatically did not pass the last items, the observed number of students who did pass these items could be much lower than would be expected if all students had completed each item.
To improve the model fit, we made a distinction between a student who did not pass an item and a student who simply did not reach an item. Following van den Wollenberg (1979; van den Wollenberg & Creemers, 1986) , we assumed that students who did not finish the test received a test with a smaller number of items. If the Rasch model applies, the scores of students who have attempted different items can be easily equated. According to this method of scoring, a large number of tests of different length was formed. However, because of limitations of the RIDA computer program, the number of tests of different length had to be reduced to four for each version of the SCT. The four tests consisted of 22 items (the complete test), 19 items (first part, 10 and second part, 9), 15 items (8 and 7) and 6 items (4 and 2), respectively. Rasch analysis of the 12 tests (3 versions X 4 test lengths) showed that the model fits the data nicely (Sample 1: R y = 823.93, df = 838, p = .63; Sample 2: Rj = 847.67, df = 822, p = .27). This result supports the supposition that the initial lack of model fit was due to the confounding effect of the proportion of students who attempted an item. When this effect was taken into account, the set of 44 items appeared to conform to the Rasch model. This result also implies that the difficulty of an item is similar in all groups. This suggests that an item will not become less difficult if more time is spent, as might have been the case for children who did not complete all items. Also, the fit to the Rasch model suggests that the test is unidimensional. Consequently, the same mechanisms are likely to underlie performance on all items.
To investigate the mechanisms underlying test performance, we conducted regression analyses to determine the relationship between the item components and the item difficulty as estimated under the Rasch model. Regression analyses were performed on the complete set of 44 items. No interaction effects between the components were examined, because no hypotheses were posed in this respect. The standardized regression weights and the squared multiple correlations (R 2 ) are reported in Table 2 . The results show that a considerable amount of the variance in the item difficulties can be explained by the components of the items. For the first sample, R 2 is a little higher than it is for the second sample. All components of the items appeared to exert, as expected, a significant influence on the difficulty of an item. The regression weights are similar in both samples, thus demonstrating the robustness of the results. Coding of each of the components with three categories (number of alternations, size of the starting number, and position of an item in the test) into two dummy variables did not show a curvilinear relationship of these components with item difficulty. The size of the regression weights in Table 2 suggests that the number of changes in counting direction (more changes leads to a higher item difficulty), the size of the starting number (a higher number results in a higher item difficulty), and the position of an item in the test (the closer an item is to the end, the more difficult it is) are more important components than the number of stars before an alternation (a higher number leads to an increase in item difficulty), the meaning of the signs (reversal of the meaning results in a higher item difficulty), and the number of repeated digits (more repeated digits increases the difficulty of an item). To test for these differences, we restricted first the standardized regression weights of the former three components to be equal. Similarly, we restricted the standardized regression weights of the latter three components to be equal. The F tests showed a nonsignificant drop of R 2 in comparison with the model in which all regression •*/>< .01.
weights were free: Sample 1, F(4, 37) = 0.96, p > .10; Sample 2, F(4, 37) = 0.15, p > .10. Thus, the regression weights of the three most important components and also the regression weights of the three least important components can be considered equal. Next, we restricted the standardized regression weights of all the components to be equal. This led to a significant drop in R 2 in comparison with the former model, Sample 1, F(l, 41) = 15.94, p < .01; Sample 2, F(l, 41) = 5.03, p < .05, thus implying that the number of changes in counting direction, the size of the starting number, and the position of an item in the test are the most important item components.
Nomothetic Span of the SCT
The nomothetic span of the SCT involves the relationship between the SCT and other tests for working memory capacity, and the interrelations among working memory capacity, Gf, speed, and school achievement.
The structure of the nomological net around the SCT was examined in the subsample. From this subsample, the scores of 23 children had to be omitted because these children were absent at the time that the tests of school achievement were administered. Scores from 39 children had one or more missing values on the other tests, thus leaving 381 children (175 boys and 206 girls) for the analyses. T-tests, adopting a familywise significance level that was controlled at .05 by setting alpha per comparison at .05/11 or .0045, did not show significant differences in the mean scores on the tests that were taken jointly between the group of 381 children used for further analyses and the group of 62 children omitted (smallest p = .03).
For each student in the subsample, a Rasch score (SCT-R) on the SCT was computed on the basis of the estimated item parameters under the Rasch model for the total sample (i.e., Sample 1 and Sample 2 combined). The SCT-R of a student was based on the items in one of the 12 (3 versions X 4 test lengths) tests. Thus, the SCT-R was based only on items that the student had actually attempted or reached.
2 In addition, a sum score (SCT-S) was computed. SCT-S was a simple count of the number of items that were passed. Because the means and standard deviations on the three versions of the SCT were very similar, we assumed that the three versions of the test were equally difficult and, therefore, that the SCT-S of the three versions would be equivalent.
Because in the SCT-S score students automatically did not pass items that were not reached, the influence of speed on SCT-S should be greater than it is on the SCT-R. The correlation between the SCT-S and the number of items reached (NIR) was .59 (p < .01). However, when the score on the SCT was based on the number of items reached, SCT-R, the correlation with NIR dropped to .30 (p < .01) but was still statistically significant. The drop in correlation supports the contention that the influence of speed on SCT-S is inflated because many students did not finish all items. The correlation remaining after correction for the number of items reached, suggests that performance on the test is still affected by speed. Therefore, better performing participants, as measured by the corrected score SCT-R, were more likely to have finished all of the items. Finally, the correlation between SCT-S and SCT-R was .93 (p < .01). This indicates that the extra effect of speed on the SCT-S score is very small because SCT-S and SCT-R are highly related.
The correlations between the tests for working memory capacity, Gf, speed, school achievement, and the SCT are presented in Table 3 . All tests for speed have been recoded such that a higher score indicates more speed. Several results are of interest here. First, the correlations of the SCT-S and the SCT-R with the other tests are highly similar, thus suggesting once again that the differences between the SCT-S and the SCT-R are practically negligible. The only discrepancies that were found involve the correlations with the speed tests (Bourdon-Vos Test, Coding, and Trail Making), the GPASAT, and the Digit Span Test. One can argue that the GPASAT also requires speed. The somewhat higher correlations of the SCT-S as compared to the SCT-R with the tests involving speed indicates once again that speed is slightly more involved in the SCT-S than in the SCT-R. As the SCT-S and the SCT-R appear to be very similar, further results will concern only the SCT-S (SCT from now on), which is much easier to compute than the SCT-R.
A second point of interest in Table 3 is the differential correlations of the SCT (SCT-S in the table) with the various tests. As predicted, the highest correlations were observed between the SCT and the working memory tests, especially Digit Span and GPASAT. The correlation with Following Directions is somewhat lower. The lowest correlations are found between the SCT and the speed tests (Bourdon-Vos, Coding, and Trail Making) . In between are the correlations of the SCT with reasoning (verbal and figural) and with achievement (reading comprehension and arithmetic).
To gain further insight into the nomological net around the SCT, we conducted confirmatory factor analyses. The analyses were done with the program Equations (EQS; Bentler, 1989) . Model fit was evaluated with the chi-square statistic and by means of the Non-normed Fit Index (NNFI) and the Comparative Fit Index (CFI; Bentler, 1989; .
First, the structure of the four working memory capacity tests was examined. As expected, a one-factor model appeared to fit the data nicely, ^(2, N = 381) = 4.11, p = .13 (NNFI = .98; CFI = .99). The GPASAT had the highest loading on the factor, followed by the SCT, the Digit Span Test, and Following Directions (see also Figure 2 ).
Next, we formulated a four-factor model, similar to the model of Kyllonen and Christal (1990) , to determine the interrelations between working memory capacity, speed, Gf, and school achievement (see Figure 2) . To account for the missing data on the verbal or the figural part of the reasoning test, which were administered only to a random part of the subsample, we performed a multiple group analysis (Bentler, 1989) . One group consisted of 84 children (41 boys and 43 girls) who had completed all tests, including both parts of the reasoning test. A second group of 98 children (44 boys and 54 girls) had completed all tests except the figural part of the reasoning test, and the third group contained the 199 children (90 boys and 109 girls) to whom both parts of the reasoning test were not administered. Before the four-factor model was fit to the data, however, we conducted a principal component analysis (PCA) to explore possible alternative models for describing the interrelations between the tests.
PCAs were conducted in the first and the second group. In both groups the eigenvalue-greater-than-1 criterion suggested two factors, whereas the scree criterion indicated that three factors were needed to describe the data. The interpretation of the latter solution was, after a varimax rotation, straightforward and similar in both groups. The three factors can be denoted as Working Memory Capacity, Speed, and a combination of Gf and School Achievement. Gf and school achievement did not form separate factors in either group. Because the number of students in the first and the second group is fairly small, a final PCA was run on the combined first and second group (excluding the figural part of the reasoning test in the first group) of 182 students. The factor loadings of the tests on the first unrotated factor and on the three rotated factors are presented in Table 4 . Table 4 reveals that the GPASAT has the highest loading on the first unrotated factor, followed by the SCT and the tests loading on the combined Gf/School Achievement factor.
Thus, PCA suggested a three-factor model as an alternative to our theoretically based four-factor model. Therefore, both models were subjected to a multigroup confirmatory factor analysis. For both models, the parameters of the model were specified to be equal across groups, thereby we assumed the equivalence of the model in the three groups. The four-factor model appeared to fit to the data, ^(138, N = 381) = 155.60, p = .15 (NNFI = .98, CFI = .98). Similarly, however, the three-factor model also fit these data, /(141, N = 381) = 159.98, p = .13 (NNFI = .98, CFI = .98). Note, however, that the particular three-factor model involved (see Table 4 ) is a special case of the four-factor model. One can obtain the three-factor model from the four-factor model by restricting the intercorrelation between the Gf factor and the School Achievement factor to one, and by requiring the factor intercorrelations of Gf with the other factors (Working Memory Capacity and Speed) to be equal to the factor intercorrelations of School Achievement with these other factors. A chi-square difference test revealed that these extra restrictions in the four-factor model did not lead to a significant decline in model fit, A^p, N = 381) = 4.38, p = .29.
Although for reasons of parsimony the three-factor model would be preferable, we adopted the four-factor model (i.e., we chose to separate the Gf and School Achievement factors). Theoretically, there is a clear distinction between Gf and School Achievement, a distinction that many factor analytic studies support (Carroll, 1993) . The four-factor model also enabled us to compare our results with those of Kyllonen and Christal (1990) .
The standardized solution of the parameter estimates of the four-factor model is presented in Figure 2 . Two aspects of this solution are of interest. First, Working Memory Capacity is, as expected, highly correlated with Gf and School Achievement. Second, as in the study of Kyllonen and Christal (1990) , the results suggest differential relations of Working Memory Capacity and Gf with School Achievement and Speed. The correlation between Working Memory Capacity and School Achievement seems to be somewhat smaller than that between Gf and School Achievement. However, when we specified the correlations of Working Memory Capacity and Gf with School Achievement to be equal, we found a nonsignificant reduction of model fit, A^2(l, N = 381) = 1.16, p = .30. Therefore, a difference between these correlations cannot be demonstrated. Furthermore, as in the Kyllonen and Christal study, the correlation of Speed with Working Memory Capacity is larger than it is with Gf. When we specified these correlations to be equal, we found a significant decline in the fit of the model, A^2(l, N = 381) = 19.88, p < .01.
It should be noted that the magnitude of the correlation between Working Memory Capacity and Speed is unexpectedly high. One reason may be that the SCT and the GPA-SAT are tests with a time limit. On the SCT, some students did not complete all items. The GPASAT requires each computation to be made within a preset amount of time. To examine the influence of these tests on the correlation between Working Memory Capacity and Speed, we successively excluded the SCT and the GPASAT from the model. The model without the SCT appeared to fit, A^(110, N = 381) = 133.48, p = .06 (NNFI = .97, CFI = .97), but the parameter estimates (including the factor intercorrelations) were virtually identical to the complete model in which all tests were included. This indicates once again that the particular time limit imposed on the SCT was negligible. In addition, the model without the GPASAT also fits the data, /(HO, N = 381) = 128.26, p = .11 (NNFI = .97, CFI = .97). The factor loadings of the remaining tests in this model were almost identical to those in the complete model. However, the correlation between Working Memory Capacity and Speed dropped from .60 to .49, and the correlation between Working Memory Capacity and Gf increased from .66 to .75 (see also Figure 2 ). When we specified the correlation of Speed with Working Memory Capacity in this model to be equal to its correlation with Gf, the fit of the model dropped significantly, A^(l, N = 381) = 8.70, p < .01, thus indicating that the correlation of Speed with Working Memory Capacity is larger than its correlation with Gf. 
Discussion
One objective of this study was to investigate the construct representation of the SCT. The items of the test can be considered as unidimensional, which implies that the same mechanisms underlie performance on all items of the SCT.
A major mechanism that was hypothesized to be involved in SCT performance was the central executive system of working memory. Three components of the items that were assumed to make demands on the central executive system appeared to be related to the difficulty of an item: the number of alternations of forward and backward counting, the meaning of the signs that indicate forward and backward counting (normal or reversed), and the duration of forward counting before a shift to backward counting is required. The number of alternations was the most important of these components. An increase in the number of alternations led to a greater number of errors on the item. This effect seems to support directly that the central executive is involved in performance on the SCT. The central executive is supposed to be needed for the activation and inhibition of processes in working memory, and this is exactly what the alternation of counting direction was supposed to accomplish.
In addition, mechanisms other than the central executive system contribute to SCT performance. We demonstrated that if the size of the numbers in the counting list increases, the SCT tends to become more difficult. This effect might be due to the inverse relationship of the size of the numbers in the counting list with counting speed. Larger numbers are practiced less, which probably leads to slower access to numbers in long-term memory, as Hitch and McAuley (1991) have suggested, and hence to a slower counting speed. As a result, items with large numbers require more processing time, and the probability of an error will increase (see Jansen, 1990) . The position of an item in the test also had a substantial effect on SCT performance. Errors were made more frequently toward the end of the test. This phenomenon of a gradual decline in test performance is not uncommon (Jansen, 1990; Sanders, 1983) . In the SCT, this phenomenon is probably due to the great amount of effort that each item requires, which can be afforded in the beginning but not sustained throughout the test. A practice effect was not detected, either because it was counteracted by effort or fatigue or because several practice items were given in advance. Finally, as we expected, the number of repeated-digit numbers had a small influence on the item difficulty.
All in all, the most important item components appeared to be the number of alternations in the direction of counting, the size of the numbers in the counting list, and the position of an item in the test. The influence of these components on test performance suggests not only that the test requires central executive functioning, but also that it requires counting speed and sustained effort. Thus, the SCT is probably not a completely pure measure of working memory capacity. As has been shown for most current tests of working memory capacity, task-specific processes partly determine test performance. Therefore, as argued by Salthouse and Babcock (1991) , multiple measures should be used to reflect working memory capacity. Finally, it should be noted that although experimentally certain mechanisms have been shown to be involved in performance on the SCT, this does not necessarily imply that these mechanisms account for individual differences. To demonstrate the latter, the SCT should be related to separate tasks for each mechanism (Embretson, 1983; Sternberg, 1981) .
In this study we also sought to examine the nomothetic span of the SCT. Substantial relationships were found, as we expected, between the SCT and other tests of working memory capacity. Confirmatory factor analysis showed that the various tests for working memory capacity can be described by one common factor. A recurring issue is whether working memory capacity is task specific (e.g., Just & Carpenter, 1992) or whether it reflects a single domainindependent factor (e.g., Kyllonen & Christal, 1990; Swanson, 1992; Turner & Engle, 1989) . Although this study was not specifically designed to address this issue, the results tend to favor the latter position. Despite variations in the content of the tests (verbal and numeric), they form a single factor. In addition, the relationship of the working memory capacity tests with reading comprehension was, with the exception of the GPASAT, similar to their relationship with arithmetic achievement.
Another issue that might be raised concerns the necessity of a heavy memory load in the measurement of working memory capacity. Tests for working memory capacity should require the simultaneous processing and storage of information (Baddeley, 1986) . Often, complex span tests are used (e.g., Just & Carpenter, 1992; Kyllonen & Christal, 1990; Turner & Engle, 1989) , which measure the maximum amount of information that can be stored while processing continues. The tests that were used in this study, however, vary in the amount of storage and processing required. The SCT and the GPASAT seem to make less heavy demands on the storage component than do complex span tasks. In contrast, the Following Directions and the Digit Span Tests (including forward and backward span) are focused primarily on the storage component, although some simultaneous processing is required in these tests as well. However, despite the variations in storage requirements, the tests form one factor, which suggests that a heavy memory component might not be necessary for the adequate measurement of working memory capacity (see also Baddeley, 1993) .
Further examination of the nomothetic span of the SCT focused on the relationship of working memory capacity with Gf, speed and school achievement. As expected, a strong relationship was found between working memory capacity and Gf, although the relationship is somewhat weaker than in a similar study by Kyllonen and Christal (1990) . Nevertheless, it is striking that such different factors as working memory capacity and Gf can be so highly correlated. The relationship might be explained by the common requirement of simultaneous storage and processing of information in working memory (Carpenter et al., 1990; Kyllonen & Christal, 1990) . Interestingly, as in the Kyllonen and Christal study, working memory capacity is more strongly correlated with speed than is Gf. This demonstrates once again that, despite their high association, working memory capacity and Gf are not identical.
A moderate relationship was observed (after omission of the GPASAT) between working memory capacity and general processing speed. Similar results have been obtained in previous studies (Kyllonen & Christal, 1990; Salthouse & Babcock, 1991) . The result tends to support the contention that working memory capacity is influenced by the efficiency of carrying out elementary processing operations (e.g., Salthouse & Babcock, 1991) . Some indication was found for an effect of task-specific processing on SCT performance. The time limit, imposed for practical reasons, appeared to be somewhat too strict, and a substantial number of children did not complete the test. A moderate relationship was observed between the number of items attempted and the participant's score on the SCT, which was corrected for the number of items reached. If we consider the number of items that were attempted to be a measure of task-specific processing speed, the result is in accordance with previous studies, which also indicated a relationship between task-specific processing speed and the performance on working memory capacity measures (e.g., Case et al., 1982; Salthouse & Babcock, 1991) . One taskspecific process of the SCT that might account for speed differences is, as we mentioned earlier, speed of counting. A slower counting speed might increase the probability of an error. Alternatively, variations in speed might be due to the speed of alternation between counting directions. However, the number of alternations was relatively small as compared with the number of stars that had to be counted. Counting speed, therefore, seems to be a more likely explanation of task-specific processing speed, although, of course, both operations might contribute.
As expected, working memory capacity appeared to be strongly related to school achievement, as measured by reading comprehension and arithmetic. The relationship between working memory capacity and achievement confirms once again that working memory is involved in various everyday cognitive tasks, including reading comprehension (Just & Carpenter, 1992) and arithmetic (Hitch, 1978) .
Unexpectedly, we had difficulty separating Gf and school achievement, although many studies have shown that a distinction is warranted (e.g., Carroll, 1993) . Reading comprehension and arithmetic can be taken as indicators for crystallized intelligence (Gc; see for example Gustafsson, 1984) . One could argue that one of our measures of Gf, namely verbal reasoning, might also require Gc and that this may explain the strong relationship between Gf and school achievement. However, Gf is measured by both verbal and figural reasoning. Therefore, we contend that the latent variable formed by these indicators primarily measures Gf. In contrast, as recently shown by Gustafsson and Undheim (1992) , indicators of school achievement can load more heavily on Gf than on Gc (see also Marshalek, Lohman, & Snow, 1983) . Accordingly, it is more likely that our measures of school achievement are highly reflective of Gf.
In summary, several results of the current study are in support of the construct validity of the SCT. One major outcome, involving the construct representation of the test, is that the SCT requires the involvement of the central executive system of working memory. With respect to its nomothetic span, the SCT is substantially related to other tests of working memory capacity, and the various working memory capacity tests formed one common factor. Furthermore, as was the case with previous research involving young adults, the results indicate a relatively strong relationship between both individual differences in working memory capacity and Gf and a moderate relationship between working memory capacity and speed.
Finally, we would like to comment briefly on the use of the SCT in educational assessment. In the field of education, children with attentional problems are of great concern. A sound theoretical description of the concept of attention is indispensable to successful diagnosis and treatment of these children. Often however, at least as a first step, children with these problems are identified on the basis of behavior ratings by teachers or parents (e.g., Achenbach, Verhulst, Edelbrock, Baron, & Akkerhuis, 1987; Koot & Verhulst, 1992; Verhulst & Akkerhuis, 1986) . Although efficient, behavior ratings have several disadvantages (see de Jong & Das-Smaal, 1990; Taylor, 1987) . Moreover, behavior ratings do not account for the cognitive aspects of the concept of attention. In contrast, the SCT is an instrument for the assessment of the control function of attention (that is, the regulation of processes in working memory). The test is based on a clear theoretical framework and this study as well as previous studies (Das-Smaal, de Jong, & Koopmans, 1993; de Jong & Das-Smaal, 1990 ) supports the construct validity of the SCT. However, like other tests of attention ) and working memory capacity, the SCT is not a pure measure. Administration of the test should always be supplemented by a more fine-grained analysis of other factors that might be responsible for an exceptionally low score. In contrast to many tests of attention however, the SCT is suitable for administration to groups of subjects and therefore can be efficiently used in large-scale assessment studies. Practically speaking, therefore, the SCT might be especially useful as an initial screening device for attentional problems.
